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Abstract: This paper evaluates the accessibility of selected field and laboratory high school science 
activities, and provides suggestions for increasing accessibility for students with disabilities. We 
focused on GLOBE (Global Learning Observations to Benefit the Environment) protocols, specifically 
the new Seasons and Biomes investigation currently being developed as part of the GLOBE program. 
Five university students with disabilities majoring in science or technology were recruited to test the 
GLOBE protocols, and 10 protocols were evaluated for accessibility. Based on our results, we make 
several suggestions with regards to instructions, equipment, safety, outcomes and activity significance 
that will increase the accessibility of GLOBE and all K-16 science methods. 

INTroducTIoN

Persons with disabilities account for 20% of the 
U.S. population, but only make up 7% of the 
science and engineering workforce, compared 
to 14% of the entire U.S. labor force (National 
Science Foundation, 2004). The emphasis on 
(and the physical challenges of) field research in 
geology, geophysics, meteorology, atmospheric 
science, oceanography, soil science, planetary 
science, and environmental science may be one 
cause of this underrepresentation (Locke, 2005). 
In addition, there may be a lack of exposure to 
field sciences in high school as well as a limited 
awareness of career options (Locke, 2005). 

Science classrooms frequently do not provide 
the instructional supports that students with dis-
abilities need, and there are clear indications that 
students with disabilities are not being provided 
with equal opportunity for science learning. Ac-
cess to science educational materials for persons 
with disabilities is critical for ensuring a future 
workforce qualified to address the continuing 
challenges in environmental applications and re-
search, and to encourage the future participation 
of persons with disabilities in field sciences. 

This project focused on GLOBE (Global 
Learning Observations to Benefit the Environ-
ment) protocols, specifically the new Seasons 
and Biomes investigation currently being 
developed as part of the GLOBE program, as 
a cooperative effort between by the University 
of Alaska-Fairbanks, International Arctic Re-
search Center (IARC) and the NASA LandSat 
Data Continuity (LDCM) and Terra Satellite 
Missions.  GLOBE encourages and promotes 
science in the classroom by providing stu-
dents with the opportunity to collect scien-
tifically valid measurements in the fields of 
atmosphere, hydrology, soils, and land cover/
phenology and report their data through the In-
ternet. Data from GLOBE students around the 
world are collected and stored on the GLOBE 
data archive for use by student and scientists.

Seasons and Biomes is an inquiry and project-
based initiative that monitors seasons, specifi-
cally interannual variability, in order to in-
crease understanding of earth systems science. 
The project focuses on using existing and 
new GLOBE protocols to monitor seasonal 
environmental changes that occur in the major 
earth biomes. Students monitor their own 
biomes’ seasons through field work, and gain 
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insights into the connections between climate 
variations, soils, and vegetation phenology. 
Existing GLOBE monitoring protocols will be 
used to measure environmental properties in-
cluding soil and air temperature, soil moisture, 
precipitation, and phenology. New protocols 
are also being developed for measurements of 
freshwater ice, depth of soil freezing, mosqui-
toes and others relating to specific biomes.  
 

The purpose of this research was to evaluate 
the accessibility of the Seasons and Biomes 
protocols for students with disabilities. This 
research is an important first step in reduc-
ing barriers to the participation, retention and 
advancement of students with disabilities in 
field science disciplines. In the long-term, this 
effort should increase the representation of 
students with disabilities in college science 
majors, and increase the number of people 
capable of working in science-related careers. 
 
Although this study was specific to the 
GLOBE protocols, our results are applicable to 
all K-16 field and laboratory science activities. 

MeThodoLoGy ANd reSeArch 
ProcedureS

We tested 10 GLOBE protocols (www.globe.
gov) for accessibility, including Bud burst, 
Clouds, Precipitation, Green up/Green down, 
Soil fertility, Soil particle distribution, Ice 
phenology, GPS measurement, Soil particle 
density and Soil pH. Five (5) University of 
Southern Maine students with disabilities ma-
joring in science or technology were recruited 
to test the GLOBE protocols. Their disabilities 
are profiled in Appendix A. The students were 
asked to review the protocols and collect data. 

They were videotaped and asked to fill out a 
questionnaire at the end of data collection. 

reSuLTS

Instructions and Instructional Design 
and Layout

All GLOBE protocols (methods) and data 
sheets need to be formatted using a standard 
design that is consistent. Students with dis-
abilities, especially those with processing and 
functioning disabilities have difficulty moving 
from one protocol to the next when layout and 
design are not consistent. If protocol designs 
are consistent then students will have greater 
success because they are familiar with the 
design of the exercise, even if they are not 
familiar with the content. For example, the 
students who tested the protocols felt that 
each protocol should begin with a statement 
that sets the context of the experiment – why 
are conducting these experiments, or collect-
ing these data important? What will the data 
be used for? Examples of how these data are 
used by scientists or other classrooms are very 
important to set the stage for the experiment. 
The second item in each protocol should be a 
vocabulary list, and the third item should be 
a list of equipment needed, with illustrations. 
Care should be taken to ensure that the equip-
ment list is complete, but contains no extras. 
Students with disabilities are often very literal. 
For example, if a pencil is not included on the 
list of equipment they will not bring one. Sim-
ilarly, if there is a piece of equipment on the 
list that is not needed, they will become very 
distracted attempting to determine the purpose 
of the extra equipment. The fourth item in the 
protocol should be a bulleted list of instruc-
tions. Included in the instructions needs to be 
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contingency plans – what to do if a measure-
ment is not as expected, if a piece of equipment 
fails, etc. All protocols and equipment should 
consistently use SI units. 

equIPMeNT INSTrucTIoNS

Similarly, care should be taken to ensure that 
instructions that accompany equipment are 
consistent with any equipment instructions 
given in the protocols. If students are expected 
to use the instructions that accompany the 
equipment, they should be physically accessi-
ble and follow the format discussed below for 
protocols. One page equipment “cheat sheets” 
should also be developed and used in place of 
equipment manuals. Thus, students are only 
required to understand the relevant equip-
ment use instructions. Also, these cheat sheets 
should include information on the accuracy 
and precision of the equipment, such that the 
students are comfortable with the data they are 
collecting.

dATA SheeTS

The data sheets also need to be consistent 
between protocols. There should be only one 
data table per protocol, and only one protocol 
per data table. Some type of coding/prompt 
needs to be used such that it is very clear as to 
when data needs to be recorded, and exactly 
where it needs to be recorded on the data sheet. 
Color coding is often useful in these situations, 
but classroom teachers may not have access to 
color printers, and some students have dif-
ficulties seeing color. Data sheets should have 
no extra spaces, and should not ask for extra 
data beyond which is specified in the protocol. 
Similarly, if a photograph is required as part of 
the data collection process, the directions need 

to be very specific regarding the level of detail 
required in the photograph. Some type of sum-
mary data table might also be useful, to assist 
the students in processing the data collected in 
its entirety.  

ProTocoL deSIGN

In designing the protocols care should be taken 
to avoid wordiness and long dense text passages. 
Students benefit from bulleted instructions that 
are clear, but brief, with an explicit workflow. 
Students with disabilities often get bogged down 
with long text blocks, and appreciate white space 
on the page. However, all vocabulary should be 
clearly defined, and abbreviations should never 
be used unless accompanied by the full term. 
Again, students with processing and memory 
disabilities have difficulties remembering the 
meanings of abbreviations from one sentence 
to the next. Using bullets, bold font, colors and 
graphics are helpful, as long as the use is consis-
tent between protocols. The use of visual cues, 
such as photographs or graphics to illustrate key 
concepts, experimental steps or vocabulary is 
especially helpful.  There are standard guide-
lines for fonts, sizes, colors, contrast, known 
as maximum legibility and also on the use of 
plain language. Maximum legibility is based on 
specific dimensions of the appearance of writ-
ten material. Maximum legibility characteristics 
have been defined for specific dimensions (Table 
1) (Thompson, Johnston, and Thurlow, 2002). 
“Plain language” writing means making choices 
in the way you write in order to communicate 
information quickly and efficiently. It is a very 
useful way to communicate critical, important 
information to a diversity of people (Brown, 
1999). Plain language strategies are presented in 
Table 2. 
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Table 1. dimensions of Legibility and characteristics of Maximum Legibility                                           
Thompson, Johnston, and Thurlow (2002) 

dimension Maximum Legibility characteristics

Contrast Black type on matte pastel or off-white paper is most favorable for both legibility and 
eyestrain.

Type Size
Large type sizes are most effective for young students who are learning to read, students 
with visual disabilities, and individuals with eye fatigue issues. The legal size for large 
print texts is 14 point. (Avoid sizes lower than 12 point)

Spacing
The amount of space between each character can affect legibility. Spacing needs to 
be wide between both letters and words. Fixed-space fonts seem to be more legible 
for some readers than proportional-spaced fonts.

Leading
Leading, the amount of vertical space between lines of type, must be enough to avoid 
type that looks blurry and has a muddy look. The amount needed varies with type size 
(e.g., 14-point type needs 3-6 points of leading).

Typeface Standard typeface, using upper and lower case, is more readable than italic, slanted, 
small caps, or all caps.

Justification Unjustified text (with staggered right margin) is easier to see and scan than justified 
text, especially for poor readers.

Line Length
Optimal length is about 4 inches or 8 to 10 words per line. This length avoids reader 
fatigue and difficulty locating the beginning of the next line, which causes readers to 
lose their place.

Blank 
Space

A general rule is to allow text to occupy only about half of a page. Blank space an-
chors text on the paper and increases legibility.

Graphs and 
Tables

Symbols used on graphs need to be highly discriminable. Labels should be placed 
directly next to plot lines so that information can be found quickly and not require 
short-term memory.

Illustrations
When used, an illustration should be directly next to the question for which it is need-
ed. Because illustrations create numerous visual and distraction challenges, and may 
interfere with the use of some accommodations (such as magnifiers), they should be 
used only when they contain information being assessed.

Response 
Formats

Response options should include larger circles (for bubble response tests), as well as 
multiple other forms of response.
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Table 2. Plain Language Strategies                              
Brown (1999)

Strategy description

Reduce excessive length Reduce wordiness and remove irrelevant material.

Use common words Eliminate unusual or low frequency words and replace with com-
mon words (e.g., replace “utilize” with “use”).

Avoid ambiguous words For example, “crane” should be avoided because it could be a bird 
or a piece of heavy machinery.

Avoid irregularly spelled 
words Examples of irregularly spelled words are “trough” and “feign.”

Avoid proper names Replace proper names with simple common names such as first 
names.

Avoid inconsistent naming 
and graphic conventions

Avoid multiple names for the same concept. Be consistent in the use 
of typeface.

Avoid unclear signals about 
how to direct attention

Well-designed heading and graphic arrangement can convey infor-
mation about the relative importance of information and order in 
which it should be considered.

Mark all questions Give an obvious and consistent graphic signal (e.g., bullet, letter, 
number) to indicate separate questions.

Symbols should also be used in conjunc-
tion with any directional commands, such as 
left, right, east, west. Also, graphic examples 
should be used for any direction that requires 
students estimate a visual percentage (eg. % 
cloud cover). The addition of graphics and 
photographs will require careful management 
to ensure that the protocols and the GLOBE 
webpage are accessible using standard screen 
readers. We tested a few of the protocols us-
ing a standard screen reader, JAWS (http://
www.freedomscientific.com/fs_products/soft-
ware_jaws.asp), and found that the numbers, 
equations and graphs were not accessible to 
students who are blind or have low vision. 

 
equIPMeNT 

In several cases students commented on the 
ease of use or user friendliness of the equip-
ment. For example, the compass and GPS unit 
scored very low on ease of use. Traditional 
compasses, similar to analog clocks are very 
hard for students with processing disorders 
to use, and all schools should consider adopt-
ing the use of digital compasses. In general, 
all equipment should be specified as digital, 
rather than analog. Not only are digital equip-
ment readouts better for students with learn-
ing disabilities, they can also be adapted such 
that voice “announcement” of data is possible, 
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thereby making them accessible to students 
with visual disabilities. GPS units differ 
greatly between manufactures’. Therefore, 
schools should be consistently specify a cer-
tain manufacturer and model number, and also 
develop a detailed instruction sheet on GPS 
use. The complexity of the GPS units for first 
time users was very frustrating, and set a nega-
tive tone for the remainder of the protocol data 
collection. Frustration levels are also high if 
students are forced to deal with English versus 
metric conversions, so all protocols, data and 
equipment should consistently use SI units. 

Teachers also need to be aware that students 
with fine and gross motor skill disabilities 
have problems handling small pieces of equip-
ment. Care should be taken to provide equip-
ment with lanyards and padded cases. Also, 
most equipment may be purchased in various 
sizes, and larger is always better for students 
with motor skill disabilities. 

SAfeTy

Safety is an issue with all science activities, 
and safety issues range from standard safety 
equipment such as eye protection to working 
with one or more partners (“buddy system”).  
Another issue is that of safely and securely 
handling and transporting field equipment 
and instrumentation.  For example, lanyards 
should be used for equipment to prevent the 
dropping and breaking of delicate instruments, 
and all equipment should have appropriately 
padded and protective cases in the event that a 
piece of equipment is dropped. 

For students with disabilities, in general, and 
especially those with motor function dis-
abilities, whether fine motor skills or more 

profound motor difficulty, it is critical that 
the students be made to feel comfortable both 
in terms of their own safety and the safety 
and security of equipment and instrumenta-
tion for which they are responsible. In order 
to promote and sustain students’ interest in 
the STEM areas, especially in field-based 
research, ensuring student safety and comfort 
should be a top priority.

exPecTATIoNS ANd reSuLTS

Successfully working with scientific data is a 
critical skill. Students like the opportunity to 
create and use data arrayed in tables. Generating 
scientific results is very satisfying to the students.  
It is important to emphasize consistency and ac-
curacy in the results. One issue that has emerged 
is that of estimation. In the completed protocols, 
there were results that were significantly out of 
range (orders of magnitude) from the correct or 
reasonable result. Students need to be presented 
some examples and or training regarding estima-
tion and approximation.

When the students must work in the open natu-
ral environment and have no single expectation 
to bear in mind it is appropriate for the students 
to be given an overview of the type of result as 
well as a range or size of the result. Overall, the 
students need to achieve a focus on the scope 
of the protocol so they do not get distracted or 
enmeshed in false starts and or the commitment 
of significant amounts of time and energy that 
take them in unproductive activities/directions. 

coNcLuSIoNS

The results of this research provide important 
first steps in reducing barriers to the participa-
tion, retention and advancement of students 
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with disabilities in field science disciplines. 
Based on the findings from our data, these are 
steps that can be taken to increase the acces-
sibility of GLOBE protocols for students with 
disabilities. These suggestions will also help in 
increasing the accessibility of all K-16 science 
methods. 

Instructions and directions need to be con- ●
sistent, clear, and thoroughly augmented 
with graphically accurate depictions of the 
most critical scientific details. 
Students need explicit introductions and  ●
training with the equipment/instrumenta-
tion, especially where there are multiple 
steps in setup, calibration, and usage.
Analog equipment and instrumentation is  ●
confusing and should be replaced with a 
large readout digital instruments. 
Students need to be guided through the  ●
context and expected outcomes of the 
problem. 
Students need to be given a detailed over- ●
view of safety issues, concerns, and equip-
ment prior to any experiment or activity.
Students need an illustrated glossary for all  ●
scientific terms and concepts. 
Students need to be encouraged as to the  ●
benefits of these activities in field science 
and be led to understand the significance of 
their work and potential contributions to the 
scientific body of knowledge in the large 
projects.

If well-implemented, recommendations from 
these efforts should increase the representation 
of students with disabilities in college science 
majors, and increase the number of people ca-
pable of working in science-related careers.
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APPeNdIx A – STudeNT ProfILeS

“Andy” and “Bob” are students with Asperg-
er’s syndrome. Aspergers affects how a person 
perceives and processes information and 
manifests itself in sensory, motor, and social 
functions. They prefer routine work, and are 
not able to cope well to changes, and disrup-
tions from routine can cause stress and anxi-
ety. Literal interpretation is common. They 
also exhibit intense and obsessive levels of 
focus on things of interest and lack the ability 
to remember a lot of information or how to 
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retrieve that information for its use.

“Chris” has severe learning disabilities and 
difficulty with information processing and ex-
ecutive brain functions. Her primary character-
istics are academic skills that are not mastered 
in reading, spelling, math, and writing (Dys-
lexia, Dyscalculia, Dysgraphia). She is very 
resilient and creative in inventing adaptive 
techniques. She has problems with understand-
ing what is read, difficulty in math processes 
and concepts, and problems putting together a 
written document.

“Dan” is documented for ADHD and takes 
medication to assist in improving his daily 
functioning ability. He has difficulty with 
attention or excessive activity, including 
impulsiveness. He is very inattentive and has 
difficulty paying attention to details, sustaining 
attention, following direction, remembering, 
and controlling excessive energy.

“Ellen” has mobility impairment with right 
foot. In general this causes her to be somewhat 
clumsy and tire easily while standing. Field 
exercises are more challenging for her than lab 
activities. 
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